Abnormal decrements in MUP voltage, evoked by trains of stimuli have been reported frequently in MND (Simpson, 1966; Lambert, 1969; Brown and Jaatoul, 1974; Norris, 1975) . Nothing has been learned, however, about whether the relative frequency or severity of abnormalities in neuromuscular transmission was related to the latencies or surface voltages of the MUPs tested. We hoped, moreover, to learn from comparison of the surface voltage distributions, latencies, and responses to neuromuscular transmission tests, what changes took place in the functional properties of motor units that parallel the severity and stage of the MND involvement of the test muscles. To look at the above question, the Multiple Point Stimulation method (Kadrie et al., 1976) was chosen, permitting the isolation and investigation of 2-20 hypothenar or thenar MUPs per patient including the chance to test neuromuscular transmission at the level of the individual motor unit.
Methods
For this investigation, 13 patients with motor neurone disease, all less than 60 years of age, were tested (Table 1) . Patients over the age of 60 years were excluded because of previous evidence of significant motor unit loss over that age (Brown, 1972; Campbell et al., 1973; McComas, 1977) . Disease duration at the time of initial testing ranged from 0.5 to 12 years. Disease duration is important because in MND, 50% of patients live for less than three years, up to 20% living longer than 20 years (Mulder and Howard, 1976) . In this investigation close to 50% of patients had lived longer than three years from the onset of complaints.
Disease duration, however, may not reflect the rate of progression or state of involvement of a muscle being tested. Therefore, as an index of the total number of innervated muscle fibres, though not the number of motor units, the hypothenar or thenar maximum compound potential (MCP) surface peak-to-peak voltage (p-pV) was chosen. The control MCP two standard deviation (SD) lower limit was used to divide patients into two groups: group 1 represented earlier less involved and group 2 later more advanced stages, all muscles from the latter having obvious muscle wasting.
The hypothenar and thenar muscle groups and the respective motor nerves were tested using methods previously reported (Kadrie et al., 1976;  Kadrie and Brown, 1978a) . In control subjects there is a significant correlation between motor unit tension and the voltage recorded on the surface of the muscle for the first dorsal interosseous (Milner-Brown and Stein, 1975) , hypothenar (Kadrie et al., 1976) , and the thenar muscles (Brown, unpublished) , MUPs with higher surface voltages being associated with larger tensions than lower surface voltage MUPs. There is also a significant relation between motor unit tension and latency (Freund et al., 1975) . Because of the above evidence the surface voltage and latency of MUPs were measured for each motor fibre excited at or just above motor threshold by means of the Multiple Point Stimulation method (Kadrie et al., 1976) . The fact that the motor fibres were not all stimulated at equal distances from the motor point required the latencies to be adjusted to a standard distance from the motor point in order to facilitate comparison of latencies from different MUPs. The surface electrode types and arrangements have been described previously (Brown and Jaatoul, 1974; Kadrie et al., 1976) .
Conventional methods were used to measure the maximum motor conduction velocity (MCV) and terminal motor latencies. The residual latencies were measured by methods previously described (Kadrie and Brown, 1978a ).
Neuromuscular transmission was tested by measuring the changes in the p-pV and peak-topeak duration (p-pD) of the individual hypothenar or thenar MUPs and the respective maximum compound potentials evoked by nerve stimulation at different stimulus intervals using methods reported in detail elsewhere (Kadrie and Brown, 1978a) .
Motor unit estimates (MUEs) from the hypothenar or thenar muscles were made by methods that corrected for overlap in the critical thresholds of the first two to five motor nerve fibres excited above motor thresholds .
The motor conduction velocities of single MUPs could be measured directly in cases where only single MUPs remained.
Results
The observations from all MND patients tested are summarised in Table 1 . The maximum conduction velocities from the ulnar and median nerve and the ulnar residual latency measurements were in the normal range, and there was no significant difference between MND and control subjects. The residual latencies in the median nerve from MND patients were, however, significantly longer compared to controls. lExamples where only one motor unit remained excluded from this calculation.
comparison of the relative numbers of low to high surface voltage MUPs. Moreover, even though motor unit force cannot be measured by these methods there is evidence for a significant relationship of surface voltage latency and tension (Milner- Brown and Stein, 1975; Kadrie et al., 1976; Brown, unpublished) . In control subjects the relative percentages of small, medium, and large hypothenar MUPs recruited by threshold stimulation were 60, 25, and 15% respectively.
In MND, the distribution of MUP surface voltages was dramatically changed such that there was an increase (three to four times) in the relative contribution from large MUPs; only one-third the relative numbers of small MUPs were present ( [ ( Kadrie and Brown, 1978a (Fig. 3) (Fig. 4a) Brown and Jaatoul, 1974; MilnerBrown et al., 1974; Norris, 1975; Stalberg et al., 1975) . Our observations agreed with the above but provided new information on the relationship of the muscle maximum compound potential to motor Our observations on the changes in the relationship between the surface voltage of the maximum compound potential and the corresponding motor unit estimates that parallel the advance of MND supported the above speculations. Further support came from earlier evidence that muscle strength, judged clinically, or the maximum twitch tension could be maintained in the normal range by as few as 10-20% of the normal estimated number of motor units (McComas et al., 1971; Brown, 1973) . Hence, in MND, it was only when motor unit losses became severe (less than one-third of the control lower limit) that the surface voltages for the muscle maximum compound potential were observed to fall below the two standard deviation lower limit for control subjects.
Progression in MND was characterised by an increase in the average MUP surface voltage, relative increase in the numbers of larger surface voltage MUPs, and the recognition of MUPs much larger than the largest known control MUPs. These observations were the likely consequence of motor unit loss and the enlargement through reinnervation of the surviving motor units. Even at late stages in MND, however, the lower surface voltage MUPs were present. The latter low surface voltage MUPs could represent motor units that had somehow survived with little change in voltage, or they could represent the late stage degeneration of units with previously larger voltage MUPs.
The MUP voltage measured on the surface over the muscle is related to the motor unit force (Appleberg and Emonet-Denaud, 1967; Kernell et al., 1975; Milner-Brown and Stein, 1975; Kadrie et al., 1976) . Unfortunately the methods in this investigation precluded proper measurement of the force of the motor units. In MND, however, the surface voltage may be a better indicator of the total number of muscle fibres innervated per motor unit force because electromechanical uncoupling could result in a lower force per motor unit than expected (Milner-Brown et al., 1974) . In this investigation the largest MUP surface voltage was 6 mV, over fifty times larger than the average control MUP surface voltage and six times the largest surface voltage for a healthy MUP. The presence of electromechanical uncoupling was suggested by the observation that this very large voltage MUP was accompanied by twitch that was only just recognisable.
Abnormalities of neuromuscular transmission have been reported frequently in MND (Lambert and Mulder, 1957; Mulder et al., 1959; Simpson and Lenman, 1959; Simpson, 1966; Lamb_rt, 1969; Miglietta, 1971; Desmedt, 1973; Brown and Jaatoul, 1974; Stalberg et al., 1975; Schwartz et al., 1976) (Desmedt, 1973) .
The degree of synchronisation in the summation of muscle fibre action potentials was an important factor to consider. Theoretically, such synchronisation should be increased in conditions where the chance for interaction between muscle fibres was higher (Katz and Schmitt, 1940) , for example where fibre grouping occurs as the consequence of reinnervation. More synchronisation has not, however, been observed in MUPs after peripheral nerve section and resuture (Brown, unpublished) . Therefore, the most important factor in determining the decrements in surface voltage for MUPs as well as the maximum compound potential was probably abnormal synaptic transmission at neuromuscular junctions developing degenerative changes.
The observation that MUPs at the lower end of the surface voltage range in MND had the largest voltage decrements could mean that their motor units were attacked selectively in this disease. There is no evidence for preferential abnormalities in one or other type of motor unit in MND (Dubowitz and Brooke, 1973) . The MND observations, together with the previous evidence on myasthenia gravis (Kadrie and Brown, 1978b) , prompted us, instead, to suggest the hypothesis that the margin for safe neuromuscular transmission was normally less for motor units with lower rather than larger surface voltage MUPs (Kadrie and Brown, 1978b) . This hypothesis has received a measure of experimental support (Gertler and Robbins, 1978) .
The observation that surface voltage decrements were less for the maximum compound potential than for individual MUPs, particularly the lower surface voltage units, was probably the result of the biased selection of the latter MUPs by the threshold or near threshold motor nerve stimuli (Kadrie et al., 1976; Kadrie and Brown, 1978b (Freund et al., 1975; Kadrie et al., 1976; Kadrie anid Brown, 1978a) (Brown and Jaatoul, 1974 
